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ABSTRACT
In this paper we describe results from the Arecibo Galaxy Environments Survey (AGES). The
survey reaches column densities of ∼ 3× 1018 cm−2 and masses of ∼ 107 M⊙, over individual
regions of order 10 sq deg in size, out to a maximum velocity of 18,000 km s−1. Each surveyed
region is centred on a nearby galaxy, group or cluster, in this instance the NGC7448 group.
Galaxy interactions in the NGC7448 group reveal themselves through the identification of
tidal tails and bridges. We find ∼ 2.5 times more atomic gas in the inter-galactic medium
than in the group galaxies. We identify five new dwarf galaxies, two of which appear to be
members of the NGC7448 group. This is too few, by roughly an order of magnitude, dwarf
galaxies to reconcile observation with theoretical predictions of galaxy formation models.
If they had observed this region of sky previous wide area blind HI surveys, HIPASS and
ALFALFA, would have detected only 5% and 43% respectively of the galaxies we detect,
missing a large fraction of the atomic gas in this volume. We combine the data from this paper
with that from our other AGES papers (370 galaxies) to derive a HI mass function with the
following Schechter function parameters α = −1.52(±0.05), M∗ = 5.1(±0.3) × 109 h−272 M⊙,
φ = 8.6(±1.1) × 10−3 h372 Mpc−3 dex−1. Integrating the mass function leads to a cosmic mass
density of atomic hydrogen of ΩHI = 5.3(±0.8)× 10−4 h−172 . Our mass function is steeper than
that found by both HIPASS and ALFALFA (α = 1.37 and 1.33 respectively), while our cosmic
mass density is consistent with ALFALFA, but 1.7 times larger than found by HIPASS.
Key words: Galaxies: ISM - Galaxies: groups individual: NGC7448 - Galaxies: general -
Radio lines: ISM
1 INTRODUCTION
Equipped with its multi-beam instrument (Arecibo L-band Feed
Array - ALFA) the 305 metre Arecibo telescope is the state of the
art facility for carrying out extended blind HI surveys of large ar-
eas of sky. As part of the Arecibo Galaxy Environments Survey
(AGES) we have been using ALFA to survey selected regions of the
sky. These regions are centred on relatively nearby galaxies, galaxy
groups or clusters (Paper I, Auld, et al. 2006, Paper II, Cortese et
al. 2008, Paper III, Minchin et al. 2010, Taylor 2010). Our primary
objective is to reach low HI column densities (≈ 3 × 1018 cm−2)
and masses (≈ 107 M⊙) to discover tidal debris, isolated HI clouds,
dwarf and HI rich galaxies. With this information we will be able
to measure more accurately the mass density of atomic gas in the
Universe. There are two parts to the survey: the detailed analysis of
the target galaxy, group or cluster and the discovery and measure-
ment of galaxies detected in the surveyed volume. In this paper the
nearby object is the NGC7448 galaxy group and we survey an area
of approximately 3 × 5 sq deg out to a velocity of about 18,000 km
s−1. The AGES is fully described in Auld et al. (2006) with updates
on our web site at http://www.naic.edu/∼ages.
It is clear that environment can have a dramatic effect on the
gas content of galaxies. For example galaxy clusters like Virgo have
many galaxies that are deficient in HI compared to similar galaxies
in the field (Chamaraux et al., 1980, Haynes and Giovanelli, 1986,
Solanes et al., 2001). The group environment may also have an im-
portant role to play in the way galaxies evolve and what makes
galaxy groups particularly interesting is that at the current epoch
the majority of the galaxy population resides within them (Tully
1987). Due to this expected environmental effect, groups of galax-
ies have been the subject of many HI observations in the past, for
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example see: Haynes (1981), van Driel et al. (1992), Yun, Ho & Lo
(1994), Zwaan (2001), de Blok et al. (2002), Pisano et al. (2007),
Chynoweth et al. (2009). In an extensive study of 15 nearby galaxy
groups, Haynes (1981) found 6 that showed clear signs of tidal in-
teractions (tidal streams) demonstrating the influence of the group
environment. In particular in the NGC7448 group van Driel et al.
(1992) found extended HI gas between the main optically bright
galaxies. In total this inter-galactic HI amounted to some 1.2× 1010
M⊙ of gas, 1.5 times that found within the galaxies. Contrary to
this, Zwaan (2001) concludes, after studying five nearby groups
similar to the Local Group, that the total amount of inter-galactic
atomic gas in groups is less than 10% of that in the galaxies. Clearly
the true state of affairs is that the amount of hydrogen drawn out
of galaxies in the group environment is quite variable, depending
on the relative positions, masses and velocities of the galaxies in-
volved.
The NGC7448 group sits in the local void south of the Galac-
tic plane (l ≈ 87 deg and b ≈ −39 deg, AB = 0.36, Schlegel et
al. 1998). The NASA Extra-galactic Database (NED) gives a mean
redshift independent distance to NGC7448 of 28.6 Mpc (redshift
of v = 2194 km s−1), which we will use in this paper as the group
distance. The very loose grouping of galaxies that may be associ-
ated with the group, from their spatial association and similarity of
velocities (2-3000 km s−1), extends from NGC7479 in the south to
UGC12350 in the north (≈ 4.3 deg). Our observations cover the
central region of the group which, consists of six primary galax-
ies NGC7448, NGC7463, NGC7464, NGC7465, UGC12313 and
UGC12321 and about 1.7 degrees to the south two other bright
galaxies, NGC7437 and UGC12308. These last two are probably
group members as their radial velocities are very similar to that
of NGC7448 (≈2200 km s−2), Fig. 1. NGC7463/4/5 form a com-
pact sub-group and based on their disturbed nature van Driel et al.
(1992) suggest that NGC7464 and NGC7465 are in the process of
merging (see also Li and Seaquist, 1994).
There is also HI emission extending from NGC7463/4/5 to-
wards NGC7448 (Haynes, 1981). It seems clear that tidal interac-
tions are playing a prominent role in the evolution of these galaxies.
Understanding the consequences of the interaction though is com-
plex. Atomic hydrogen is the fuel for star formation so its removal
is bound to suppress continued star forming activity, but we also
know that tidal interactions can induce high star formation rates
(Kennicutt et al. 1987). The NGC7463/4/5 sub-system in particular
shows signs of recent star formation activity (van Driel et al. 1992)
and all three galaxies have been classified as having an ultra-violet
excess (Takase 1980).
In the following sections we will describe the data acquisition
and reduction of AGES observations of the NGC7448 group. Our
results include an analysis of HI within and outside the main group
galaxies and the discovery of new dwarf galaxies. We consider
galaxies detected in the volume in front of and behind NGC7448
and use these to derive a HI mass function and calculate a value for
the cosmic HI mass density.
2 OBSERVATIONS AND DATA REDUCTION
The NGC7448 group was observed over a number of months in
2009. Approximately 120 hours was used to cover an area of ∼ 35
sq degrees (1.5 x 2.5 Mpc) centred on RA=23 00 00, Dec=15 14
00 (J2000). We used the 7-feed ALFA multi-beam receiver and the
WAPP spectrometers to record two linear polarisations from each
beam within a 100 MHz bandwidth. The angular resolution deter-
Figure 1. This is an image of the maximum HI flux along each line of
sight (pixel) between 1630 and 2550 km s−1, to pick out the brightest
sources irrespective of velocity. The image shows the brightest galaxies in
the NGC7448 group. NGC7464 has the lowest velocity of 1875 km s−1 and
NGC7463 the highest of 2341 km s−1. The three galaxies NGC7463/4/5 are
too close together to be spatially resolved by the 3.5 arc min Arecibo beam.
The image covers an area of 1.72×2.37 sq deg (0.86×1.19 Mpc at the group
distance) centred at RA(J2000)=23 00 21, Dec(J2000)=15 09 29, north at
the top and east to the left.
mined by the size of the ALFA beams is ≈ 3.5 arc min. We used
the drift-scan observing mode, whereby the receiver is held station-
ary and the sky drifts overhead. With this observing technique each
point on the sky takes about 12 sec to cross the beam (Giovanelli et
al. 2005). Twenty-five separate scans are then combined to give a
total integration time of 300 seconds/beam. Total power is recorded
every second for the seven beams, each polarisation and the 4096
velocity channels of width 5.5 km/s. Data reduction is performed
using LIVEDATA and GRIDZILLA (Barnes et al. 2001). LIVE-
DATA carries out bandpass estimation and removal, Doppler track-
ing and flux calibration. Various methods are available for estimat-
ing and removing the bandpass. We found that the most appropri-
ate settings for the AGES observations were to use the ’Extended’
method using the median estimator. The ’Extended’ method is a
modification of the MINMED routine that was originally used for
the Galactic high velocity cloud project (Putman et al. 2002). With
this modified routine, the user loads the entire scan into memory
and defines a sliding window which will define the target for which
the bandpass will be estimated. For each beam and polarisation the
entire scan outside of the target window is used to estimate the
median value in each channel in the spectrum. The 4096-channel
spectrum, made up of these median values, forms the estimate for
the bandpass and is subtracted from the target spectrum. The resul-
tant baselines were found to be acceptably flat except in the case
of very strong continuum sources which produce large-amplitude
standing waves between the dish and the receiver. The waves in-
troduce a quasi-sinusoidal ripple into the baseline with a period
characteristic of the light-travel time between the receiver and the
dish.
GRIDZILLA is used to combine the individual spectra to pro-
duce 3-D data cubes. The gridding technique is exactly the same
as for HI Parkes All Sky Survey (HIPASS) so the reader is referred
to Barnes et al. (2001) for full details. The default parameter val-
c© 0000 RAS, MNRAS 000, 000–000
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Figure 2. A comparison of AGES HI line fluxes with those given in NED.
The blue crosses indicate the data and have sizes approximately the size
of the errors on each point (typically a 2 Jy km−1 source has a flux er-
ror of about 0.3 Jy km−1). The solid red line is the one to one relation-
ship. The red dashed line is the linear least squares best fit to the data,
FNED=0.85FAGES ±0.03+0.36±0.20 Jy km s−1.
ues specific to the Arecibo telescope were applied. The NGC7448
cube has 1 arc min pixels and the 4096 velocity channels have
been Hanning smoothed to 10 km/s resolution. Making a Nyquist-
sampled map with every beam and then median combining results
in a circular beam with symmetrical sidelobes peaking at the 5-10%
level (Minchin et al. 2006). The noise distribution is approximately
Gaussian with a median rms value of 0.7 mJy when measured along
individual pixels.
Radio frequency interference introduces a constant source of
man-made noise that can far exceed the system noise over certain
regions of the spectrum. For this data there is constant interference
at 1350 MHz (14620 km s−1) and 1387.8 MHz (km s−1) and an
intermittent source at 1310 MHz (8300 km s−1). None of these af-
fect our observations of the NGC7448 group though they must be
considered when extracting sources from the extended volume be-
hind NGC7448. The velocity range −80 < V < 40 km s−1 was also
excluded from the extended search volume due to the presence of
contaminating signal from the Milky Way.
We have checked the data calibration by comparing our HI
fluxes with those given in the NASA Extra-galactic Database
(NED), using an average where there is more than one value. Ex-
cluding the six galaxies in the central part of the NGC7448 group,
where the HI from different galaxies is difficult to separate, there
are nineteen galaxies in our area listed in NED with HI fluxes.
For these nineteen we have fitted the spectra as in Cortese et
al. (2008) using the MBSPECT routine from the MIRIAD spec-
tral line analysis package. With the exception of NGC7464 and
NGC7465 (see below) all subsequent HI parameters described in
this paper have been obtained in this same way. Given the nu-
merous different sources for the NED fluxes the comparison is
reasonably good (Fig. 2), with a linear least squares fit giving
FNED = 0.85 ± 0.03FAGES + 0.36 ± 0.20 Jy km s−1.
3 THE NGC7448 GROUP
The local environment can have a dramatic effect on a galaxy. For
example in galaxy clusters gas can be stripped from a galaxy as it
passes through the inter-galactic medium - ram pressure stripping
(Gunn and Gott 1972, Vollmer et al. 2001). Galaxies can also be
tidally buffeted as they move at relatively high speeds (600-700 km
s−1) through the varying cluster and galaxy gravitational potentials
- harassment (Moore et al. 1996). Significant strong gravitational
(tidal) interactions between individual galaxies are rare in clusters
because typically they are moving past each other too quickly. This
is not so for galaxy groups where the group velocity dispersion is of
order the internal rotational velocity of the constituent galaxies. In
this section we concentrate on the six bright galaxies in the central
region of the NGC7448 group (Table 1). We will show that these
galaxies have clear signs of gravitational interactions that have pro-
duced tidal streams and tails (see also Haynes 1981, van Driel et al.
1992) and that a large fraction of the total atomic gas now resides
in the inter-galactic medium.
In this section we describe observations of the group galax-
ies and defer a discussion of sources detected throughout the data
cube until section 5. The six group galaxies listed in Table 1 have
a mean velocity of 2104 km s−1 with a rms dispersion of 155 km
s−1. Their mean velocity width at 20% peak flux density is 281 km
s−1. Thus the velocity dispersion of the group is of the same order
as the rotational velocities of the galaxies and as such we might
expect significant gravitational interaction (Toomre and Toomre,
1972, Haynes et al. 1984). In Fig 3 (top) we show a 1.6 × 0.8 sq
deg region (0.8× 0.4 Mpc at the group distance) extracted from the
HI data cube. The image has been made by taking the maximum
pixel value along each line of velocity from 1641 to 2556 km s−1.
The image clearly picks out atomic gas that has been drawn out
of the galaxies during the course of their gravitational interaction.
There is a clear tail that has been drawn out of NGC7448 and a
stream apparently extending from the NGC7463/4/5 sub-group to-
wards NGC7448. In Fig. 3 (bottom) we show how this gas extends
both spatially and in velocity. There also appears to be gas connect-
ing both spatially and in velocity NGC7463/4/5 and UGC12313,
this ’bridge’ of gas was originally detected in the higher resolution
VLA observations of Li and Seaquist (1994), who suggest that it is
due to a recent (6 108 yr ago) close encounter between UGC12313
and NGC7463/4/5.
It is clear that with a 3.5 arc min beam it is difficult to spa-
tially resolve all the galaxies in the group. For example NGC7464
and NGC7465 are separated by about 0.5 arc min and also over-
lap considerably in velocity with NGC7464 having VHI ≈ 1943
(∆VHI = 275) km s−1 and NGC7465 having VHI ≈ 1969 (∆VHI =
111) km s−1. Thomas et al. (2002) using the Li and Seaquist (1994)
VLA data, suggest that NGC7464 and NGC7465 actually lie within
a common HI envelope. To try and overcome this problem we have
specifically for these two galaxies used the optical positions of the
galaxies and then integrated around this point to obtain the HI pa-
rameters given in Table 1. To check our values we can compare
them with those obtained at much higher resolution (Westerbork
telescope, beam size 0.22 × 0.85 sq arc min) by van Driel et al.
(1992). The van Driel et al. values are given in brackets in Table 1.
Although there are some discrepancies with the measured velocity
widths, the integrated fluxes and HI masses agree very well.
The sum of all atomic hydrogen in the six galaxies listed in
Table 1 is 1.4× 1010 M⊙. It is interesting to see how this mass com-
pares with the mass residing outside of the galaxies, to get some
idea about how efficient tidal stripping is in groups like this. To do
this we consider the distribution of pixel values throughout the ex-
tracted region shown in Fig 3. - this is shown in Fig. 4. The rms
value in this smaller data cube is ≈ 0.5 mJy compared with the
value of 0.7 mJy for the whole cube as stated above. This is because
c© 0000 RAS, MNRAS 000, 000–000
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Name RA Dec(J2000) VHI (km s−1) W50 (km s−1) W20 (km s−1) FT ot (Jy km s−1) MHI1.0×109 M⊙
MS tar
1.0×109 M⊙
NGC7448 23 00 04 15 58 49 2192 271(252) 297(365) 24.2(23.3) 4.8(4.8) 24.0
NGC7463 23 01 52 15 58 55 2343 189(227) 220(246) 8.2(7.6) 1.6(1.6) 22.4
NGC7464 23 01 54 15 58 26 1943 177(234) 549(245) 12.8(10.1) 2.5(2.1) 4.6
NGC7465 23 02 01 15 57 53 1969 143(81) 223(142) 15.0(11.7) 2.9(2.3) 10.6
UGC12313 23 01 44 16 04 04 2018 123(139) 210(177) 6.11(9.8) 1.2(2.0) 0.7
UGC12321 23 02 19 16 01 40 2162 163(205) 188(231) 4.1(7.6) 0.8(1.5) 3.9
DS96 J2259+1557 23 02 18 16 14 28 1994 89(82) 109 1.2(3.1) 0.2(0.5) -
Table 1. Properties of the central galaxies in the NGC7448 group. Numbers in brackets are those obtained by van Driel et al. (1992) except for DS96
J2259+1557 where they are the values given in Duprie and Schneider (1996). Stellar masses are calculated from the B band magnitudes given in Li and
Seaquist (1994).
Figure 3. We have extracted a region from the HI cube of approximately
1.6 × 0.8 sq deg (0.8 × 0.4 Mpc at the group distance) extending over a ve-
locity range of 1641 to 2556 km s−1. The top image is of the maximum pixel
value along the velocity axis to show bright emission irrespective of its ve-
locity. The known galaxies are indicated, along with a stream of HI that ex-
tends from the closely grouped galaxies NGC7463/4/5 towards NGC7448,
and a tail that protrudes from NGC7448. The Arecibo beam size is indicated
by the red circle to the bottom right. The lower image shows the connections
and extent of the HI in both spatial and velocity co-ordinates.
this smaller data cube is extracted from the centre of the larger data
cube, which becomes noiser closer to its edges. The data closely
follow a Gaussian distribution for all negative values and positive
values out to approximately 0.2 mJy/pixel, it then flattens out - the
Gaussian part is due to the instrumental noise and where it flattens
the HI sources (Fig. 4). Fitting a Gaussian to the noise (blue line
Fig. 4) gives a more precise measure of the rms of ≈ 0.3 mJy. This
is lower than that quoted above because now the HI sources are
not included in the derivation. Subtracting the Gaussian noise (blue
Figure 4. Distribution of pixel values for the extracted HI data cube shown
in Fig. 3. The blue line shows the Gaussian noise distribution. The red line
shows the total intensity (positive values) due to noise and sources.
line) from the total flux (red line) leaves the flux due to sources in
the cube. This leads to a total integrated flux of 287.1 Jy km s−1
and a total HI mass of 5 × 1010 M⊙. Comparing this to the total
contained within the galaxies we find that only about 28% of the
atomic hydrogen in this group is in the galaxies - there is about 2.5
times more atomic hydrogen in the intergalactic medium. This is a
similar conclusion to that reached by van Driel et al. (1992). They
identify 4 HI clouds within the group and estimate that their mass
amounts to 1.5 times that in the galaxies. The van Driel et al. ob-
servations were sensitive to atomic gas with column densities more
than an order of magnitude higher than ours, which may account
for the higher value we find.
There are two possible origins of this inter-galactic gas: either
it is in-falling because it is left over from the formation phase of
the galaxies or it has been drawn out via tidal interactions (or pos-
sibly a bit of both). We favour the latter for two reasons. Firstly
even though the resolution is poor it does seem that the HI has
been drawn out in either a stream or tail (Fig.3) and secondly pre-
vious observations (Auld, et al. 2006, Cortese et al. 2008, Minchin
et al. 2010, Taylor 2010) indicate that galaxy formation efficiently
sweeps up hydrogen into galaxies - there are very few isolated HI
clouds with no associated optically detected galaxy (see also Doyle
et al. 2005).
Based on the assumption that these six galaxies in the group
are in virial equilibrium we can calculate a group dynamical mass.
Following Pisano et al. (2004) we use :
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Figure 5. The galaxy DS96 J2259+1557. The blue DSS image (above) is
centred on the HI position, the HI spectrum is shown below.
Mdyn = 7.5σ
2rmed
G
where σ is the radial velocity dispersion (155 km s−1), rmed is half
the maximum separation between the galaxies (116 kpc) and G is
the gravitational constant. This leads to a dynamical mass of Mdyn =
5 × 1012 M⊙, which is comparable to the masses found for the six
groups studied by Zwaan et al. (2001) - mean value of 7× 1012 M⊙.
Using the B band magnitudes (corrected for Galactic extinction)
given in Li and Seaquist (1994) (see Section 3.1 below and Table
1) we estimate a total stellar mass of 7 × 1010 M⊙. Combining the
stellar and HI mass gives a values of Mdyn/MBaryon < 42 for the
group as a whole. For a typical cosmological model (H0=72 km
s−1,Ωm = 0.27,ΩΛ = 0.73, i.e. Spergel et al. 2007) the ratio of total
matter to baryonic matter is ≈ 5. To be consistent with the cosmic
value requires there to be about eight times more baryonic mass in
the cold (molecular) and warm/hot (x-ray) gas than in the stars and
atomic hydrogen. We note that the NGC7448 group is one of 48
out of 109 nearby galaxy groups that was found not to have diffuse
x-ray (ROSAT) emission (Mulchaey et al. 2003) and that typically
the warm (x-ray) gas amounts to at most a mass of order that found
in the stars (Mulchaey, 2000). This makes the baryon account even
more difficult to reconcile. Using the above velocity dispersion and
maximum separation the group has a dynamical time of just 7 ×
108 yr, much shorter than a Hubble time. The NGC7448 group is
either not in dynamical equilibrium because it has recently formed
(t f orm <few×109 yr) or it has a high dark matter mass fraction.
There is one other central group object that warrants attention.
It was originally detected in a HI survey by Duprie and Schneider
(1996). The object is listed in NED as DS96 J2259+1557, but we
can find no other references to it. DS96 J2259+1557 is closest to
UGC12313 both spatially (12 arc min) and in velocity (∆V = 24
km s−1). There is no optical counterpart to DS96 J2259+1557 de-
Figure 6. Two new dwarf galaxy detections in the NGC7448 group along
with their HI spectra. The images are taken from the blue DSS. The light
blue circle marks the position derived from the HI observations.
scribed in the literature, but there is clearly an object at the HI po-
sition on the Digital Sky Survey (DSS) image (Fig. 5). There is no
photometry for this object - the SuperCOSMOS image (Hambly et
al. 2009) breaks this single low surface brightness object up into
a number of smaller objects. The HI signal is strong (Fig. 5) with
2 × 108 M⊙ of hydrogen rotating at a not corrected for inclination
velocity of W50 ≈ 89 km s−1 . DS96 J2259+1557 is obviously a
c© 0000 RAS, MNRAS 000, 000–000
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Name RAHI DecHI RAopt Decopt Velocity MB MBstar MHI Mdyn Riso biso/aiso
(J2000) (J2000) (J2000) (J2000) (km s−1) M⊙ M⊙ M⊙ (arc sec)
AGES J230051+161122 23 00 51.2 16 11 22 23 0 52.0 16 10 57 2040 -14.8 1.3 × 108 4 × 107 8 × 108 5.3 0.53
AGES J230200+140944 23 02 00.4 14 09 44 23 1 58.8 14 09 42 2445 -13.7 4.7 × 107 1 × 108 2 × 109 7.2 0.76
Table 2. Properties of the two newly detected NGC7448 group dwarf galaxies.
dwarf galaxy member of the group and will be an interesting object
for further follow up observations.
3.1 New dwarf galaxies in the NGC7448 group
During our search of the NGC7448 area we discovered two
new dwarf galaxy members of the group (Table 2). AGES
J230051+161122 is in a region not covered by the Sloan Digital
Sky Survey (SDSS), which only covers about one third of the area
observed in HI, but it is clearly visible on the DSS image (Fig. 6)
even though there is no entry in NED. AGES J230200+140944 is
further to the south in the SDSS area and is identified as SDSS
J230158.72+140942.5 with no previous redshift. It is again eas-
ily identifiable on the DSS image (Fig 6). AGES J230051+161122
appears to be part of the central sub-group (NGC7463/4/5 and
NGC7448) both from its apparent proximity (7.5 arc min from the
group centre given in NED) and its velocity (2030 km s−1). AGES
J230200+140944 is spatially close (≈ 14 arc min) to UGC12308,
but with a higher velocity (2445 compared with 2233 km s−1).
Although not in NED AGES J230051+161122 is listed in the
SuperCOSMOS catalogue. With a B band magnitude of 17.9 at
28.6 Mpc it has an extinction corrected absolute B magnitude of
-14.8. Simply assuming stars like the Sun (MB=5.5) this gives a
stellar mass of MBstar ≈ 1.3 × 108 M⊙. Using the standard formula
for HI mass:
M(M⊙)HI = 2.4 × 105d2Mpc FT ot
where dMpc = 28.6 and FT ot = 0.2 is the integrated HI flux in Jy
km s−1, we calculate an HI mass of MHI = 4 × 107 and a value of
MHI/MBstar = 0.3.
We can make an estimate of AGES J230051+161122’s
dynamical mass (Cortese et al. 2008) using:
Mdyn ≈ RisoW
2
m
G
where we have assumed that RHI is twice (Salpeter and Hoffman
1996, Swaters et al. 2002) the optical isophotal radius. Wm is the
inclination corrected mean velocity width (mean of W50 and W20).
Assuming a thin disc cos i = biso/aiso (aiso and biso are the Super-
COSMOS semi-major and semi-minor axis respectively) and we
use Riso =
√
aisobiso = 5.3 arc sec. This gives a dynamical mass
of Mdyn ≈ 8 × 108 M⊙. Taking Mbaryon=MBstar+MHI we have a dark
matter dominated dwarf galaxy with Mdyn/Mbaryon≈5.
For AGES J230200+140944 we can again use the Super-
COSMOS B band data to get an absolute magnitude of -13.7 and
a stellar mass of MBstar ≈ 4.7 × 107 M⊙. To check the accuracy of
this we can in this case use the more extensive SDSS data and the
formula from Bell et al. (2003):
log Mstar = −0.222 + 0.864(g − r) + M(i)−4.56−2.5
where M(i) is the i band absolute magnitude, to calculate a stel-
lar mass of Mstar = 4.0 × 107 M⊙, very close to that calculated
from the B band magnitude. As above we calculate an HI mass of
MHI = 1.0 × 108 M⊙ for AGES J230200+140944. This is a gas
rich galaxy with MHI/MBstar ≈ 3. Even without considering helium,
metals and molecular gas this galaxy’s baryonic mass is apparently
dominated by gas and not stars, making it young or slowly evolv-
ing. With (g − r) = 0.4 AGES J230200+140944 is blue compared
to the mean value for SDSS galaxies of (g − r) ≈ 0.8, (g − r) has
a range of approximately 0.3-1.0 (Bell et al. 2003). Again as above
we calculate a dynamical mass of Mdyn ≈ 2 × 109 M⊙ (in this case
Riso =
√
aisobiso = 7.2 arc sec). Taking Mbaryon=Mstar+MHI we
have a dark matter dominated galaxy with Mdyn/Mbaryon≈15. AGES
J230051+161122 and AGES J230200+140944 are very similar in
total masses, but AGES J230200+140944 has a much higher frac-
tional gas and dark matter content.
4 NEW DWARF GALAXIES EXTERNAL TO THE
NGC7448 GROUP
One of the stated aims of AGES is to try and discover gas rich
dwarf galaxies that are not detected in optical surveys. To specif-
ically look for dwarf galaxies not associated with the NGC7448
group we have also considered HI sources that lie within the nearby
Universe i.e. less than the group velocity of V = 2104 km s−1. We
identify three sources and give their properties in Table 3. Two of
the sources are in the area covered by the SDSS and can be iden-
tified with SDSS sources. Both SDSS J230511.15+140345.7 and
SDSS J230615.05+143927.5 lie about one degree away (500 kpc
at 28.6 Mpc) from the nearest group galaxy UGC12308 and are at
a velocity some 700 km s−1 lower. They are separated from each
other by a little over 30 arc min and appear to be isolated from
larger galaxies. The third galaxy (AGES J230843+161919) has the
lowest HI mass in the sample. It is not in the area covered by SDSS
and there is no object listed in NED. Unlike the other two galaxies
(see below) there is no clear object to be seen on the DSS either,
though there is a very faint smudge that requires investigating with
much deeper observations. AGES J230843+161919 also seems to
be isolated from the brighter galaxies in this region of sky. It is
more than 1.5 degrees (750 kpc at 28.6 Mpc) away from any of the
bright group galaxies and has a velocity about 300 km s−1 lower.
With no optical identification we cannot calculate a stellar mass.
SDSS J230511.15+140345.7 is listed as a star in the SDDS
database, but the position sits right at the centre of what is most
certainly a galaxy. There is also a spectrum which contradictorily
is described as a galaxy rather than a stellar spectrum. The optical
spectrum is clearly that of a star forming galaxy with a blue con-
tinuum and emission lines. From the optical spectrum a velocity
of 1530 km s−1 is measured which compares with a value of 1564
km s−1 from the HI. SDSS give a value of g=22.94 for this source
which is clearly too faint and is probably to do with the stellar mis-
classification. Using the SuperCOSMOS data as described above
we find a value of mB=16.7 and a Galactic extinction corrected ab-
solute magnitude of MB = −15.4. Using the absolute magnitude of
the Sun as above, this equates to a stellar mass of 2.3 × 108 and a
value of MHI/MBS tar = 0.4. The SuperCOSMOS data also provides
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Name RAHI DecHI (J2000) RAopt Decopt(J2000) Velocity (km s−1) MB MBstar M⊙ MHI M⊙ Mdyn M⊙
SDSS J230511.15+140345.7 23 05 10.8 14 04 04 23 05 11.1 14 03 46 1564 -15.4 2.3 × 108 1 × 108 3 × 109
SDSS J230615.05+143927.5 23 06 14.4 14 39 37 23 06 15.0 14 39 28 1542 -13.8 0.5 × 108 4 × 108 2 × 109
AGES J230843+161919 23 08 43.0 16 19 19 - - 1610 - - 2 × 107 -
Table 3. Properties of three isolated dwarf galaxies that lie within V = 2104 km s−1.
us with an isophotal size and an ellipticity. Using the same method
as described above leads to a dynamical mass of 3× 109 M⊙, about
a factor of 10 higher than the combined baryonic mass in stars and
atomic gas.
Our HI position is just 0.2 arc min away from that of the
optical position of SDSS J230615.05+143927.5. The SDSS im-
age shows SDSS J230615.05+143927.5 to be a very low surface
brightness object. There is a small puzzle in that there is also an
SDSS spectrum which gives a velocity of just 1233 km s−1 some
300 km s−1 less than the HI velocity, but because the galaxy is
of very low surface brightness the SDSS spectrum is very noisy
with no clear emission lines and so we suggest that the SDSS ve-
locity is incorrect. Going through the same calculations described
above we get MB = −13.8, a stellar mass of 0.5 × 108 and a very
large MHI/MBS tar = 8. The baryonic mass of this galaxy seems to
be totally dominated by gas rather than stars. To put this in per-
spective Minchin et al. (2010) recently calculated MHI/MBS tar values
for 87 galaxies selected from the AGES NGC1156 and NGC7332
fields. They found a mean value of MHI/LB for these 87 galaxies of
1.6 ± 0.2 with lowest and highest values of 0.14 and 11.3 respec-
tively. We note that for low surface brightness galaxies like SDSS
J230615.05+143927.5 SuperCOSMOS may underestimate magni-
tudes in which case MHI/MBS tar would be smaller. As above we cal-
culate a dynamical mass of 2 × 109 M⊙, about a factor of 4 higher
than the combined baryonic mass in stars and atomic gas.
5 GALAXIES DETECTED IN THE NGC7448 VOLUME
5.1 Source extraction
A crucial part of deriving a well defined sample of HI sources
from a blind HI survey is source extraction with defined selection
criteria. Three of us independently searched the HI data cube by
eye, resulting in 176, 151 and 141 detections. By combining these
lists we have a provisional list of 191 objects detected by one,
two or three of us. 52 objects were detected by just one of us, 139
by at least two of us and 92 by all three of us. For each detection
we again used the MBSPECT routine to fit the data to obtain,
recessional velocity, peak flux, total flux, and velocity width at 20
and 50% peak height. Fig. 7 is a plot of total 21cm flux against the
line width at 50% peak flux. All detections are shown with those
detected by at least two of us marked in blue and those by just
one in red. To compare with other AGES papers (i.e. Cortese et al.
2008) we also draw a line on Fig. 7 where the signal-to-noise ratio
is equal to 6.5 (Saintonge, 2007) where:
S/NT ot = 1000×FTotW50 ×
w1/2
σ
FT ot is the total flux in Jy km s−1, W50 is the velocity width at 50%
peak height, w is either W50/(2 × ∆V) for W50 < 400 km s−1 or
400/(2 × ∆V) for W50 > 400 km s−1, ∆V is the velocity resolution
(10 km s−1) and σ the rms noise in mJy. Saintonge (2007) found
that the vast majority (95%) of sure sources lie above the S/NT ot =
6.5 line (see also Cortese et al. 2008). It is clear from Fig. 7 that
Figure 7. AGES total flux against the velocity width at 50% peak intensity.
The complete sample of 191 detections is shown with those identified inde-
pendently by at least two of us (139) marked in blue, those by just one of
us in red. Those that have been subject to follow up observation are marked
with a diamond - blue a confirmed detection, red a non-detection. The green
lines indicate, from top to bottom, the S/NT ot = 6.5 line for the HIPASS,
ALFALFA and AGES surveys respectively.
almost all of the 139 detections confirmed by two people lie above
the S/NT ot = 6.5 line.
We have carried out follow up observations at Arecibo of 14
sources detected by just one of us - these are marked with a di-
amond on Fig. 7 - red for a subsequent non-detection, blue for
a confirmed detection. Only 2 out of 9 sources followed up with
S/NT ot < 6.5 have been confirmed, while 4 out of five have been
confirmed with S/NT ot > 6.5, indicating that a small fraction of our
sources may turn out to be false on follow up. Based on the above
we define our HI sample to be all those galaxies with S/NT ot > 6.5,
175 galaxies. From the information given in NED 142 of the 175
detections have no previous HI measurements. The Hubble velocity
distribution for the complete sample (175) is shown in Fig. 8. There
is clear evidence for large scale structure with prominent peaks at
about 2000, 7,000, 9,000 and 11,000 km s−1.
For comparison we have also included on Fig. 7 the S/NT ot =
6.5 line for two other recent blind large area HI surveys - HIPASS
(Meyer et al., 2004)) and ALFALFA (Giovanelli et al., 2005, Gio-
vanelli et al. 2007). These surveys are characterised by having ap-
proximate values of σ = 13 and 2.5 mJy respectively. The lines
illustrate the increasing numbers of low total flux and small veloc-
ity width galaxies that are detected as the integration time increases.
For example only 9 of these galaxies would have S/NT ot > 6.5 in
the HIPASS survey and 73 in the ALFALFA survey compared to
our 175. The HIPASS and ALFALFA surveys in total detect many
more galaxies than AGES because they cover much larger areas,
but within a given volume AGES detects many more galaxies than
HIPASS and ALFALFA.
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Figure 8. The distribution of Hubble velocities for all 175 HI detections
in the NGC7448 data cube with S/NT ot > 6.5 is shown in red. The blue
line shows the velocity distribution of the complete AGES sample, which
includes observations of the cluster A1367.
5.2 HI mass
As above we have calculated a HI mass for all 175 detections, dMpc
is calculated from the measured Hubble velocity using H0=72 km
s−1 Mpc−1. The distribution of HI mass is shown in Fig 9a. The low-
est detected HI mass object has MHI = 2× 107 M⊙ and lies at a ve-
locity of 1610 km s−1, it was discussed in detail in section 3.1. The
highest HI mass is MHI = 3× 1010 M⊙ and can clearly be identified
with UGC12374 because the optical (NED) and HI position differ
by only 0.2 arc min and the velocities by only 12 km s−1. In NED it
is classified as an SBb galaxy, but is otherwise undistinguished as
there are only references to it appearing in catalogues. Only a small
part of the HI data cube is covered by the SDSS, but UGC12374
is in this region so we can again use the prescription of Bell et al.
(2003) to calculate a stellar mass of MS tar = 2.5×1011 M⊙. This is a
galaxy that has a massive amount of HI, but its HI to stellar mass ra-
tio is not unusual at about 0.1. UGC12374 has just about the same
HI mass as the massive HI galaxy AGES J224005+244154 dis-
cussed in detail in Minchin et al., (2010), but unlike UGC12374
the baryonic mass of AGES J224005+244154 is dominated by the
gas and not the stars.
Correcting for the volume sampled we can convert the HI mass
distribution into a HI mass function. We use the 1/Vmax method
(Felton, 1977) where Vmax is the volume a galaxy can occupy given
its HI mass, velocity width (W50) and a signal-to-noise ratio of
S/NT ot = 6.5. We note that the 1/Vmax method can be sensitive
to large scale structure, but it does have the advantage over other
methods that there is no a priori assumptions about the form of the
mass function and whether it changes shape within different envi-
ronments. For the similarly derived luminosity function Cole et al.
(2001) find that luminosity functions derived using the 1/Vmax and
maximum likelihood methods (as used by Martin et al. 2010, see
below) are identical within the errors. To improve the accuracy of
our mass function we have added to our NGC7448 data the data ob-
tained from other regions of the sky observed as part of AGES (the
AGES volume sample). The additional galaxies come from fields
centred on NGC628 (Auld et al. 2006), NGC1156 and NGC7332
(Minchin et al. 2010) and A1367 (Cortese et al. 2008). Using the
same criteria (S/NT ot > 6.5) for this additional data we now have
a sample of 370 galaxies. The distribution of Hubble velocities for
the complete sample is shown in Fig. 8. 1 In order to assess the
completeness of our data i.e. do the galaxies in our sample fill the
volume we expect them to, we have carried out a V/Vmax test. We
find a mean value of < V/Vmax >= 0.5 (0.4969) consistent with
galaxies that uniformly fill the volume sampled.
A Schechter fit to the mass function (Fig. 9b) gives the fol-
lowing parameters α = −1.52(±0.05), M∗ = 5.1(±0.3) × 109 M⊙,
φ = 8.6(±1.1) × 10−3 Mpc−3 dex−1. In Table 4 and Fig. 9b we
compare these values with those derived by the two major wide,
but shallow surveys, of Zwaan et al. (2005) using 4,315 galax-
ies detected in the HIPASS and the ALFALFA survey of Martin
et al. (2010) using 10,119 galaxies. Our faint end slope is signifi-
cantly steeper than both Zwaan et al. and Martin et al., our value
for M∗ is lower and φ is larger than the other two surveys. Integrat-
ing our mass function leads to a local atomic gas cosmic density of
7.9 × 107 M⊙ Mpc−3 a factor of 1.7 higher than found by Zwaan et
al., but consistent within the errors with the value found by Martin
et al. Our deeper HI survey (σ ≈ 0.7 mJy) has revealed proportion-
ally more low mass galaxies than that derived from the HIPASS
survey (σ ≈ 13 mJy) and the ALFALFA survey (σ ≈ 2.5 mJy).
For a typical cosmological model (H0=72 km s−1, Ωm = 0.27,
ΩΛ = 0.73) the closure density is ≈ 1.5 × 1011 M⊙ Mpc−3, giv-
ing ΩHI = 5.3(±0.8) × 10−4. The HI gas is but a small fraction of
the total mass/energy (0.05%), matter (0.2%) and baryonic matter
(1.3%).
Martin et al. (2010) provide an extensive discussion on bi-
ases that can affect the derivation of the HI mass function. Errors
in distance arise from using Hubble’s law, peculiar velocities af-
fect nearby, and hence low mass galaxies proportionally more. The
mass function low mass slope may also become steeper due to the
presence of local large scale structure, which provides more low
mass galaxies than is typical for other regions of the sky. Martin
et al. consider a number of adjustments to the mass function de-
termination to try and account for these problems. They have a ve-
locity field model that makes adjustments to galaxy distances and
a weighting scheme dependent on galaxy density for the 1/Vmax
method. They also use an alternative maximum likelihood method
to obtain the mass function. The ALFALFA mass function values
given in Table 4 are derived using this maximum likelihood method
and surprisingly give a faint end slope steeper than that obtained by
the 1/Vmax method (-1.33 compared to -1.25). All these methods
are used to try and obtain ’global’ parameters from data that cover
a wide range of galaxy environments, in particular the ALFALFA
data set includes part of the nearby Virgo cluster and local super-
cluster.
An important question to ask is why does AGES find a steeper
mass function faint end slope than other HI surveys such as AL-
FALFA? We suggest two alternative explanations. The first is that
ALFALFA have missed many of the low mass galaxies that AGES
detects. For example if we consider the five dwarf galaxies dis-
cussed in section 3 and 4 only one of these has a high enough
signal-to-noise ratio to be detected by the ALFALFA survey. If all
volumes of the nearby Universe were like this then ∼80% of the HI
would be missed by ALFALFA in this dwarf galaxy mass range.
The rational for the ALFALFA survey was that for uniformly dis-
tributed galaxies there would be other volumes where these galax-
ies would be closer to us and so they would be found and correctly
1 Following Cortese et al. (2008), for galaxies in the A1367 sample, we use
D=92.8 Mpc to calculate HI masses if they have velocities between 4000
and 9000 km s−1.
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accounted for, which is just the reason for choosing a large area
rather than a deep survey. This argument breaks down though if the
galaxies are not uniformly distributed around us (cosmic variance).
For example the nearest detected galaxy to us in the NGC7448
volume lies at 1610 km s−1 (22.4 Mpc). If all galaxies were at or
beyond this distance then ALFALFA would detect nothing below
about MHI ≈ 107.6M⊙, the only way to find lower mass galaxies
would be to make a deeper survey like AGES. Martin et al. (2010)
specifically mention the huge void in part of their data, in front of
the Pisces-Perseus supercluster, which extends out to ∼3000 km
s−1. So it is possible that ALFALFA is missing low mass galaxies
because of the nature of the nearby large scale structure. We note
that Rosenberg and Schneider (2002) loosely sampling the Arecibo
sky to a similar depth as ALFALFA, but excluding the Virgo cluster,
derive the same low mass slope to the HI mass function as AGES
(α = −1.53, M∗ = 7.6 × 109 M⊙, φ = 5.0 × 10−3 Mpc−3 dex−1,
ΩHI = 4.6 × 10−4).
The second explanation is that AGES is finding too many low
mass galaxies and a higher density because of the large scale struc-
ture. All our fields are centred on well known galaxies and although
we showed in section 3 that three of our five nearby dwarfs do not
appear to be associated with the NGC7448 group, they may still
be associated with the large scale structure that the group resides
within. In this way our survey maybe biased and not typical of the
Universe as a whole - you need to include both voids and galaxy
structures in a luminosity function calculation and a determination
of ΩHI . To try and assess the influence of the foreground structures
we have created a mass function with them removed. We exclude
galaxies from the NGC1156 field with 200 < v < 600 km s−1,
NGC628 field with 500 < v < 800 km s−1, NGC7332 field with
1100 < v < 1350 km s−1, NGC7448 field with 1850 < v < 2350
km s−1 and A1367 field with 4000 < v < 9000 km s−1 (302
galaxies remaining). This leads to a mass function with the fol-
lowing parameters α = −1.47(±0.06), M∗ = 5.6(±0.4) × 109 M⊙,
φ = 6.2(±0.9) × 10−3 Mpc−3 dex−1 and ΩHI = 4.2(±0.8) × 10−4
(Table 4). Although the slope is not so steep the removal of the
foreground galaxies does not significantly alter our results.
Our fields are centred on isolated galaxies, groups or clus-
ters, but with the exception of A1367 none are in the supergalactic
plane: NGC628 was chosen as an isolated group (with NGC660,
UGC1195 and UGC1176) as was NGC7448. NGC7332 and 7339
are an isolated galaxy pair and NGC1156 is an isolated galaxy with
no bright companions. NGC7332 and NGC7448 are actually in the
local void. Although A1367 is too far away for low mass galaxies
(MHI < 108.5 M⊙) to be detected, and so greatly affect the faint end
slope of the mass function, we have also considered the result of
excluding just the A1367 (super galactic plane) galaxies from our
determination of the mass function, the result is α = −1.52(±0.06),
M∗ = 5.59± 0.4)× 109 M⊙, φ = 6.5(±0.8)× 10−3 Mpc−3 dex−1 and
ΩHI = 4.3(±0.8) × 10−4 (Table 4). Excluding the A1367 galaxies
does not greatly alter our original conclusions with regard to a rel-
atively steep faint end slope. A better insight into these differences
in faint end slope will probably come from a more comprehensive
study of the spatial distribution of low HI mass galaxies in surveys
like ALFALFA.
We have already noted how the environment can affect the way
a galaxy evolves with time. We have too few group galaxies to com-
pare our global HI mass function with that of galaxy groups, but we
can compare with a galaxy cluster. Also as part of the AGES Taylor
(2010) has produced a HI mass function (Fig 9b) for two regions
of the Virgo cluster covering 15 sq deg. At face value the Virgo
cluster mass function lacks both the high and low mass galaxies
Figure 9. a) The distribution of HI mass. The red line is for all 175 galaxies
in the NGC7448 sample, the blue line is the complete AGES sample. b) The
measured HI mass function (blue points) for the AGES sample, the solid red
line is a Schechter law fit to the data. The red dotted and red dashed lines are
the Schechter law mass functions from the HIPASS and ALFALFA surveys
respectively. The two green lines show the mass function for two clusters
A1367 and Virgo, these are arbitrarily normalised at their peak value.
that are found elsewhere, though at the low mass end the error bars
are large. Although covering different regions of the Virgo cluster
the Taylor result agrees with Davies et al. (2004) who also found
that the Virgo cluster HI mass function lacked both high and low
HI mass galaxies when compared to the global HI mass function.
Both the Taylor and Davies et al. Virgo HI mass functions peak at
the same point log MHI ≈ 8.25. It is easy to understand how low
mass and typically low surface density galaxies may lose their gas
in the cluster environment via tidal effects, accelerated star forma-
tion and ram pressure stripping. One might expect that high mass
galaxies are more robust. A flatter low mass slope compared to the
’global’ value has been confirmed by surveys of other moderately
dense environments such as the Ursa Major cluster (Verheijen et al.
2000) and the Canes Venatici region (Kovac et al. 2009).
We have also derived a mass function from the A1367 data (54
galaxies) which is in reasonably good agreement with the global HI
mass function, though at a distance of 92.8 Mpc this does not ex-
tend to very low HI masses (Fig 9b). The A1367 data covers not
only the central regions of the cluster, but also a substantial part
of the outer infalling region (Cortese et al. 2008). By comparing
Virgo and A1367 we may glean some idea about what is going on.
A1367 is currently being assembled from infalling galaxy groups
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Survey σ (mJy) α M∗ (M⊙) φ (Mpc−3) ΩHI
AGES 0.7 -1.52(±0.05) 5.1(±0.3) × 109 8.6(±1.1) × 10−3 5.3(±0.8) × 10−4
AGES(-GC) 0.7 -1.47(±0.06) 5.6(±0.4) × 109 6.2(±0.9) × 10−3 4.2(±0.8) × 10−4
AGES(-A1367) 0.7 -1.52(±0.06) 5.5(±0.4) × 109 6.5(±0.8) × 10−3 4.3(±0.8) × 10−4
ALFALFA 2.5 -1.33(±0.02) 9.1(±0.4) × 109 4.8(±0.3) × 10−3 4.4(±0.3) × 10−4
HIPASS 13.0 -1.37(±0.03) 6.8(±0.5) × 109 5.0(±0.7) × 10−3 3.2(±0.5) × 10−4
Table 4. A comparison of Schechter fit HI mass function parameters obtained by large area blind surveys. AGES parameters are for the whole sample, AGES(-
GC) are the parameters excluding galaxies in the foreground groups and clusters, AGES(-A1367) excluding just the A1367 galaxies. HIPASS comes from
Zwaan et el. (2005) and ALFALFA from Martin et al. (2010). All values have been calculated for a typical cosmology (H0=72 km s−1,Ωm = 0.27,ΩΛ = 0.73).
(Cortese et al. 2004), thus explaining why its HI mass function is
similar to that of the field over this mass range. Cortese et al. (2008)
also identify a number of bright A1367 galaxies that are surrounded
by diffuse hydrogen, an indication that gas is being lost from more
massive galaxies as they fall into the cluster potential, but this pro-
cess has not proceeded as far as it has in Virgo where our obser-
vations exclusively cover the more central regions. If these A1367
infalling groups are like the NGC7448 group then we already know
from our discussion above that there could be as much as 2.5 times
more HI outside the galaxies than inside, and this is before the clus-
ter has exerted its influence. We conclude that the different shape
of the Virgo cluster HI mass function (Taylor 2010, Davies et al.
2004) compared to that of the general field is the natural result of
environmental influences. HI deficiency in Virgo cluster galaxies
has previously been well documented (e.g. Haynes et al. 1984).
As stated above one of the many objectives of the AGES was
to see if the numbers of detected dwarf galaxies around nearby
large galaxies would increase when we searched using a deep HI
rather than an optical survey. If theory and observation are to agree
then many more dwarf galaxies per unit volume need to be discov-
ered (Klypin et al. 1999). If the HI mass function directly followed
the predicted dark matter mass function with power law slope of
α ≈ −2 we should expect to find ≈ 10 galaxies with MHI ≈ 108
M⊙ for each galaxy with MHI ≈ 109 M⊙. If the galaxy group HI
mass function follows the same power law as that derived above
for the AGES sample then we would expect about 4 galaxies with
108 M⊙ for each galaxy of mass MHI ≈ 109 M⊙. This is clearly
incompatible with our observations as there should be roughly 24
companions to the six central group galaxies. In this paper we have
found just two additional dwarf galaxies of masses of order 108 M⊙
in a galaxy group containing six galaxies with masses of order 109
M⊙ (Tables 1 and 2). This result is consistent with our previous
findings. We have found two dwarf galaxies around the NGC7332
galaxy group (two bright galaxies) and just one around NGC1156
(Minchin et al. 2010). So surprisingly the galaxy group HI mass
function is also not compatible with the global HI function (see
also Pisano and Wilcots 2003). From our discussion in section 3.1
we suggest that a significant fraction of the galaxies that contribute
to the low mass end of the HI mass function are rather isolated
and have nothing to do with brighter galaxies. These isolated low
mass galaxies have ”appeared” in our global HI mass function, but
they are not found in HI mass functions constructed exclusively
from group and cluster galaxies. Much larger samples of HI de-
tected galaxies are required to investigate the clustering properties
of low mass galaxies compared to higher mass galaxies.
The complete AGES source catalogue is publicly available at
the following link http://www.naic.edu/∼ages/public data.html.
6 OPTICAL IDENTIFICATIONS IN THE NGC7448
VOLUME
Identifying the optical counter part to an HI source is not straight
forward given the 3.5 arc min beam size and the fact that galaxies
cluster. Often there is ambiguity about the optical source and the
possibility that more than one source is contributing to the detected
HI signal. We have used NED to search for optical counterparts to
our HI detections. Most important, though not definitive, is both a
close spatial association and a close match in velocity. 51 objects
in NED have optical velocities within 100 km s−1 of the HI veloc-
ity and a spatial separation from the HI position of less than 3 arc
min. The median difference between the optical and HI position for
these galaxies is 0.3(±0.1) arc min. This is comparable with values
of 0.4 and 0.3 arc min for previous AGES data cubes centred on
NGC1156 and NGC7332 respectively (Minchin et al. 2010). The
mean difference between the optical and HI Hubble velocities for
these 51 galaxies is 12(±4) km s−1, so we assume that these are
secure optical identifications. A further 26 galaxies have only one
optical possibility from NED. For these galaxies the median dif-
ference between the optical and HI position is 0.7(±0.7) arc min,
larger than the separation for the velocity confirmed sample and
we cannot be so confident that we have the correct optical source.
All the other HI detections have numerous possible optical coun-
terparts and without better resolution we are not able to make a
definite association.
One problem with this particular AGES field is that the op-
tical coverage of the area is not uniform, SDSS only covers part
of the field. Where there is SDSS data there is often a number of
choices for an optical counterpart. Where there is no SDSS data
there is often nothing listed in NED, but a clear candidate is seen
when the DSS image is inspected. There are just 5 objects that
have no obvious optical counterpart after checking NED and DSS,
but all have velocities greater than 13,000 km/s and are relatively
low signal-to-noise ratio detections. Any one of the faint ’blobs’ in
these fields could be the HI source. With the possible exception of
AGES J230843+161919 we find no HI detections that have no can-
didate optical analogue (see also Pisano et al. 2007). It appears that
atomic hydrogen is extremely efficient at turning itself into stars.
7 CONCLUSIONS
Deep blind HI surveys of the sky can reveal galaxies that have gone
undetected in other surveys with the added advantage of providing
a redshift measurement. In this paper we have described how multi-
beam data can be used to both investigate in detail a nearby galaxy
group and use galaxies in the surveyed volume to make a measure-
ment of the HI mass function and cosmic HI density. Our main
results are:
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(i) A large fraction of galaxy group atomic hydrogen may lie
between and not within the galaxies.
(ii) Too few HI-rich dwarf galaxies are detected to be consistent
with current models of galaxy formation.
(iii) If they had observed this area of sky other wide area blind
HI surveys, HIPASS and ALFALFA, would have detected only 5%
and 43% respectively of the galaxies we detect, missing a large
fraction of the atomic gas in this volume.
(iv) The global HI mass function is different to that of groups
and evolved clusters;
(v) We measure a comparatively steep low mass slope to the
global HI mass function of α = −1.53;
(vi) Our measured cosmic density of atomic hydrogen is ΩHI =
5.3 × 10−4 h−172
(vii) We infer a cosmic HI density a factor of 1.7 times higher
than that found by HIPASS.
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